Abstract -Cytomorphological, morphometric, quantitative cytochemical and population indices of ten continuous cell lines of different origin were studied in the course of cultivation. Principal component analysis and hierarchical clustering identifi ed two clusters of cell lines characterized by different behavior during cultivation. Cell lines in fi rst cluster (NIH 3T3, SHSY 5Y, CaCo-2, BHK-21, RD) show mainly low transcriptional activity, stabilization of main indices at the early time of the cultivation, and higher number of cells per unit area; whereas second cluster (Hep-G2, HEK 293, Hep3B, HEp-2, Hela) characterized by high transcriptional activity, active growing population which after a growth phase undergoes degeneration of cellular culture or stabilization on low level of transcriptional activity. In conclusion, we showed that the cell line behavior during cultivation positively correlate with factors related to transcriptional activity of cells (nucleolar indices, RNA content, etc) and negatively with euploidy and cell number in confl uence.
INTRODUCTION
There are several strategies that can be used to classify cell cultures. Groups of cytophotometrical and morphometrical indices is one of the fundamental criteria used for visual classification of cells into cultural types. These indices can then be compared using hierarchical clustering to produce dendrograms describing the relationships between different cell lines.
Nuclear morphologic changes associated with the loss of differentiation are correlated with transformation. Transformed cells are usually characterized by aneuploid nuclei that exhibit high degree of variability in size and shape, an increased number of enlarged nucleoli (BÖCK-ING et al. 1984; BUHMEIDA et al. 2000; DERENZINI et al. 2000) . Expression of nucleolar organizer region proteins is associated with number of specialized characteristics of transformed cells: metabolic activity, DNA content, histological grade of differentiation and, especially, the speed of cellular proliferation (PICH et al. 2002) .
As shown by GIMENEZ et al., (2000) increment in the tissue proliferative index could be an indicator of an early genomic instability which, with time, will develop into aneuploidy. DNA ploidy is an important indicator for the malignant transformation (BARTELS 1992; MAR-AKI et al. 2006) . Imaging systems are able to perform DNA ploidy and quantify several nuclear morphometric descriptors, which are useful to detect transformation level in cellular population (BACUS and GRACE 1987) .
In order to investigate large amounts of data and derive useful information, it is of paramount importance to use data analysis approaches exquisitely suited for multidimensional problems.
Principal components analysis (PCA) is a powerful method used to extract meaning from multidimensional data.
The aim of the present study was to investigate the changes of the main cytological indices and biological behavior of human continuous cell lines after various incubation times. The relationship between DNA ploidy and many other cytological indices could help in understanding of dependence of these changes on transformation and origin of continuous cell lines. In addition, the goal of this study was to determine closely related indices which can represent stabile groups, identify cell lines with close cytological characteristics.
MATERIALS AND METHODS
Cells -SH-SY5Y human neuroblastoma cells were cultured in 1:1 DMEM/F12 medium with 10% fetal bovine serum. Cells were reseeded by a single 10 5 cell/ml dose. HepG-2 was cultured in Eagle's medium with 10% fetal bovine serum. (DEITCH 1966) . The content of DNA in a nucleus and nucleolus was defi ned by computer-equipped microscope-photometer SMP 05 (OPTON). The television method was used on 575 nm wave. In each case 50-100 cells were measured. Quantity of DNA was defi ned in conventional units (CU). In nucleuses were simultaneously determined the quantity of DNA, area and perimeter. In the same nuclei we contoured each nucleolus with the account perinucleolar and intranucleolar chromatin. Then we determined the quantity of DNA, area and perimeter each nucleoli. Then these indices of all nucleolus in each nucleus were summed to account the "total" nucleolus and the nucleolus/nucleus ratio for parameters of the quantity of DNA, area and perimeter. Nucleolar DNA was determined in fi brillar centers and in connected with it intranucleolar and perinucleolar chromatin. After quantitative DNA staining, the nuclear Integrated Optical Density (IOD) was determined; the cytometric equivalent of DNA content. To quantify nuclear DNA, IOD values were rescaled by comparison with cells of known DNA content. Quantity of DNA was defi ned in CU. Thus, DNA content was expressed as a "c" scale, where 1c is half (haploid) the nuclear DNA content of cells from a normal (non-pathological) diploid population in G 0 /G 1 phase. DNA image cytometric measurements identifi ed cell nuclei as aneuploid if they deviated more than 10% from 2c, 4c, 8c and 16 c, i.e. if they were outside the ranges 2c±0.2, 4c±0.4, 8c±0.8 and 16c±1.6. The total number of cells in euploid regions of the DNA histogram, rescaled by the mean correction factor for the tissue type under investiga- tion (1.8c-2.2c; 3.6c-4.4c; 7.2c-8.8c; 14.4-17.6), was also calculated. Term DNA-euploidy means: that type of DNA distributions which cannot be differentiated from those of normal (resting, proliferating, or polyploidizing) cell populations. The ploidy status of cells was determined by the amount of DNA expressed as a DNA index (DI), i.e. the ratio between the peak channel number of cells in G 0 /G 1 and the peak channel number of the diploid standard population in G 0 /G 1 . The concentrations of DNA in a nucleus and nucleolus were calculated by dividing the quantity of DNA to the area. The concentration of DNA in nucleus was obtained without taking in account the DNA quantity and area of the nucleolus. In experience the average data were obtained taking into account of groups of cells with the various number of the nucleoli. For this purpose the data of percent of the cells quantity of each group multiplied on average index of the investigated parameters. Unstimulated lymphocytes of corresponded organism (human, RNA analysis -For quantifi cation of RNA was used gallocyanin chromalum stain. The gallocyanin chromalum stain belongs to the classical DNA-RNA staining techniques in histochemistry. To obtain reproducible staining results with these large sections, the method of Einarson was adapted to quantitative (SANDRITTER et al. 1966) and image analytical requirements. Investigated indices were: 1. RNA in nuclei, 2. RNA in nucleoli, 3. RNA in cytoplasm. Statistical analysis -Basic characteristics of cell lines are presented as mean ± SE. The signifi cance of time-induced changes was evaluated by two-tailed Student's t-test. P values < 0.05 were considered signifi cant.
In order to obtain simplifi ed structure of relationships between studied parameters Principal Component Analysis was applied to data matrix containing 30 statistical unit (cell line data on 48, 72 and 96 hour was treated as individual variable) and 17 statistical variables (mean value of each studied parameter). PCA is a method to condense a multi-dimensional dataset into a set of lower dimensions (Principal Components; PCs), in order to reveal the simplifi ed linear structure of the data that underlies it (RENCHER 1998). The principal component scores were computed and the cell lines projected into the component space. Classifi cation of cell lines according their component scores performed with complete linkage hierarchical clustering (AL-DENDERFER and BLASHFIELD 1984). All analyses were performed using SPSS 13.0 software (SPSS Inc, Chicago, IL, USA). 
RESULTS
Ten mammalian cell lines (Hep-3B, HEp-2, HeLa, CaCo-2, Hep-G2, HEK 293, RD, SHSY 5Y, BHK-21 and NIH 3T3) were used to study correlations between main investigated indices. The quantitative studies of continuous human cell cultures showed variable increase of cell count per unit of monolayer surface area: the cell count in Hep-G2, NIH 3T3, BHK-21, HEK 293, Hep3B, HeLa and RD cultures varied insignifi cantly, while cell count in SHSY 5Y and HEp-2 increased by 31.2% and 38.4% respectively, and in CaCo-2 culture it increased 3 folds by 96h vs. 48h monolayer follow up (Tab. 1).
By 4-day follow up the dead cell count also increased gradually and with various intensities: in RD monolayer dead cell count increased by 17.5%, in HEp-2 it almost stabile, in HeLa nearly 10 times. In CaCo-2, Hep-G2, HeLa, HEK and SHSY 5Y dead cell count increased signifi cantly. The number of dividing cells' elevated more than twice in CaCo-2 and RD monolayers, while all the other cultures showed decrease of the dividing cell count by about 2-2.5 times, and almost disappear in HeLa population. The average number of nucle- Fig. 1 data show that the most part of cells was occupied mainly by nuclei with single or two nucleoli, while only the cells of RD, HEp-2 and HEK cultures showed some nuclei with four or fi ve nucleoli, and the mean number of nucleoli reached 2.4. In HeLa cells at 96h cultivation time cells with more than 4 nucleoli in a nucleus disappeared completely, and three-nucleolar cells were few. Single-nucleolar and two-nucleolar cells represented the main part of the population. The nuclear surface area in all the studied cell cultures, except the HeLa and SHSY 5Y, varied slightly and the differences were statistically not signifi cant for cultivation stages. However, the surface area of the HEK cells was 20% higher in average during all the cultivation stages, and the SHSY 5Y cell surface was less compared to the rest of cell cultures. The similar tendency was noted also for the nuclear perimeters of the cells, the total surface and total perimetres of nucleoli (Tab. 2). In general, nucleolar activity was higher in NIH 3T3, HEK, Hep3B, HEp2 cells, and lower in SHSY 5Y, CaCo-2 and BHK cells.
Mean content of nuclear DNA in all cell lines varied around paratetraploid set (from 3.4c to 5.5c), except the SHSY 5Y culture with hyperdiploid set of nuclear DNA and the HEK cells with hypertatraploid DNA set observed by 4-day cultivation ( Fig. 1) . Nuclear DNA amount decrease in HeLa cells, and increased in HepG-2 and HEK 293 cells. Diploid cells were found in SHSY 5Y, HEK and Hep-G2 cell populations. Diploid set was not revealed in CaCo-2, HeLa and RD cultures, and was in very minute amount in HEp-2 cells. In most of these cells (40%-68%) 3c and 4c set was established, except HEK ones. The SHSY 5Y cell population showed almost no hypertetraploid nuclei (2%-4%) in either of cultivation stages, while these nuclei were found (25%-58%) in all the rest cell populations excluding the octaploid nuclei. We can conclude that the euploidy percentage in a cell cultures is in reverse correlation to the number of nucleoli.
Detection of nucleolar-nuclear DNA contents ratio, individual nucleolar DNA and nucleolar-nuclear surfaces ratio showed that these ratios were lower in SHSY 5Y, Hep-G2 and CaCo-2, BHK-21 compared to NIH 3T3, HeLa, RD, HEp-2 and HEK cell cultures (Tab. 3).
Data on transcriptional activity of investigated cell lines showed that with increase of the cultivation time RNA amount decreased in all investigated cellular regions (Tab. 4).
PCA showed that 5-component space is sufficient to explain ~85% of total variability in studied variables in cell lines (Fig. 2) . Table 5 shows the correlation between variables with each principal component. First principal (near 40% of explained variance) component represents the state of nucleolar/nuclear ratio in cell cultures, and negatively correlate with cell number per 0.01mm Hierarchical clustering applied to the distribution of the cell lines in the fi ve-component space (Fig. 3) revealed two main clusters of cells lines. The cell lines joined in the fi rst cluster (NIH 3T3, SHSY 5Y, CaCo-2, BHK-21, RD) showed stabilization of main indices at the early time of the cultivation, and, as a result, more cells per square unit. The second cluster (Hep-G2, HEK 293, Hep3B, HEp-2, HeLa) is characterized by actively growing populations in which after a growth phase begins process of a degeneration of cellular culture or stabilization on low level of transcriptional activity.
DISCUSSION
Different cells, including clones of the same cell line can manifest deviated behavior depended on their physiological status. JEANNESSON et al. (2009) demonstrates that commonly used cell lines carry numerous polymorphisms within genes including those involved in the initiation and the development different pathologies or in responses on external infl uences. In our work we try predict cell line behavior during cultivation based on some shifting indices.
The analysis of the results obtained showed signifi cant differences in behavior of cell lines depended on their transformation rate. All cultures et al. 2006) . The second cluster is characterized by actively growing populations in which after a growth phase begins process of a degeneration of cellular culture. In a growing cellular population in cultivation process are observed: growth or rather stable parameters mitotic activity, nucleolar parameters. The growth phase is replaced by a degeneration phase at 72-96 h cultivation. Behavior of cells of second cluster: one type, it is fast proliferating cells (HeLa, HEp-2) -at cultivation and at saturation of a monolayer -braking inhibition of the mitotic activity, increase or insignifi cant fl uctuations euploid populations and reverse correlating with it nucleolar parameters. In this group mitotic activity suppression follows the account of destruction actively proliferating cells. The second type are cellular populations HEK 293, Hep-3B and HepG-2 in which DNA amount in a nucleus and nucleoli grows, the other nucleolar parameters basically are stable. Also reduced mitotic index, the number of dead cells a little bit rises, and due to it the total of cells for a long time remains approximately identical. Stabilization of a cellular population is reached due to the block in G 2 . Simultaneously to it there is a reduction of euploid populations.
Describing main investigated indices we have noticed the certain dependency between cell size and cell count per unit area. Thus, in less transformed SHSY 5Y culture cell count per monolayer surface unit is 1.5 times higher than in other cultures, and the cell size is smaller similarly (about 1.5 times) in contrast to the rest of cell cultures. Presumably, it is associated with higher percentage of diploid cells in SHSY 5Y culture (24%-40%, cultivation stage-dependant) and complete absence of octaploid cells. In our study we observed reduced size of diploid cells (50%-75% size reduction) compared with tri-and tetraploid cells. In addition, in SHSY 5Y and BHK cells showed smaller nuclear surface and perimetre compared with other cultures. The overall nucleolar surface and perimetre of neuroblastoma cells was almost twice as less as the same indices in other cell cultures and confi rms the data of ANDERSEN et al. (1998) and SHIMAZUI et al. (1998) on spatial increase of fi brillar centres in active nucleoli.Our investigation show that we could classify different types of cell lines as well as identify potential groups of cytological and cytophotometric markers to classify different types of cultures using this methodology. The use of this method also limits the number of potential marker that may need to be identifi ed.
